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(54) GAS TURBINE COGENERATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the efficiency 
of generation in partial load by using a gas turbine 
cogeneration device. 

SOLUTION: A first-stage combustor 10 and a second- 
stage combustor 12 are used for two-stage combustion 
and a generator 3 is rotationally driven to generate 
power. Exhaust gas from a second-stage gas turbine 13 
is used as heat source for an exhaust heat boiler 4 from 
which steam is generated. The steam is injected into the 
first-stage combustor 10 via a steam valve 23 and used 
for premix with fuel and for flame cooling. The 
temperature of exhaust gas at the exit of the second- 
stage gas turbine 13 does not exceed 72 degrees C and 
a control device controls the amount of fuel supplied to 
the first-stage combustor 10 and the second-stage 
combustor 12 while regulating a first fuel valve 21 and a 
second fuel valve 22, so that the temperature of the 
exhaust gas at the exit of the first-stage aombustor 10 
is kept at 1 200 degrees C or so. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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to raise synthetic energy efficiency in a cogeneration system. The use of the concentrated type 
heat energy which makes plant etc. representation to use of distributed type heat energy like a 
cogeneration system of synthetic efficiency is also improving every year, using LNG as fuel. 
Since the coefficient of performance (COP) of heat pump type air conditioning and the heater of 
an electric drive is becoming five or more, synthetic efficiency is becoming quite high even if it 
performs air conditioning and heating using commercial power. 

[0003]A gas turbine and a gas engine are used for the cogeneration system using body fuel, such 
as town gas, as a thermomotor. It is easy for the direction of a gas turbine to miniaturize a 
device, and generating of NOx also has them. [ few ] However, since a gas turbine is generally 
inefficient, an improvement of efficiency is needed when using a gas turbine. 
[0004] 

[Problem(s) to be Solved by the Invention]As mentioned above, the generation efficiency of the 
newest LNG power station tends to increase increasingly, The efficiency of the improved 
combined cycle (Advanced Combined Cycle) in which the turbine inlet temperature of 
combustion (Turbine Inlet Temperature) is 1500 ** has reached to 58%. Since the coefficient of 
performance of heat pump type air conditioning and the heater of an electric drive is becoming 
five or more, a possibility that an electromotive air conditioner will also be a field of energy 
efficiency, and will improve rather than a distributed type cogeneration system as synthetic 
efficiency from power generation to an air conditioning is coming out. However, if the turbine 
inlet combustion gas side temperature will be 1500 **, heat-resistant materials usable as a gas 
turbine etc. will be limited, and it will become expensive. 

[0005]In a large-scale LNG power station, even if the gas turbine used at such a high 
temperature is expensive, profit can fully be taken by Kougami of generation efficiency. However, 
it will become difficult to take profit, if a scale uses the gas turbine of an expensive high 
temperature service with a small gas turbine cogeneration system as compared with a thermal 
power plant. 

[0006]In a cogeneration system, while aiming at effective use of exhaust heat, the pliability which 
can respond to change of the demand of electric power or heat is also needed. Economically, the 
generation efficiency of an usable gas turbine is about 33% in a 6000-kW class, and has stopped 
at the quite low level at the present cogeneration system. And if load decreases and it becomes 
part load, generation efficiency will fall further. Since exhaust gas is eventually emitted into the 
atmosphere, it is necessary to suppress generating of NOx etc. 

[0007]The purpose of this invention is to provide the gas turbine cogeneration device which can 

raise generation efficiency also in part load. 

[0008] 

[Means for Solving the Problem]A primary side burner which this invention mixes fuel gas with a 
steam, and is burned, A primary side gas turbine rotated with combustion gas from a primary side 
burner, and a secondary side burner which burns fuel gas using exhaust gas from a primary side 
gas turbine, Exhaust gas from a secondary side gas turbine rotated with combustion gas of a 
secondary side burner and a secondary side gas turbine is made into a heat source, An exhaust 
heat boiler which generates a steam and is supplied to a primary side burner, and an air 
compressor driven by a primary side gas turbine, While maintaining temperature of a dynamo 
driven by a secondary side gas turbine, a heat exchanger which collects latent heat of a steam 
contained in exhaust gas from an exhaust heat boiler, and combustion gas in a primary side 
combustor outlet near 1200 **, It is a gas turbine cogeneration device containing a control 
device controlled to suppress temperature of exhaust gas in a secondary side gas turbine exit by 
720 **. 

[0009]If this invention is followed, in a primary side burner and a primary side gas turbine, and a 
secondary side burner and a secondary side gas turbine, gas turbine equipment of two-stage 
combustion can be constituted, a dynamo can be rotated, and electric power can be generated. 
An exhaust heat boiler which generates a steam by making exhaust gas up to 720 ** from a 
secondary side gas turbine into a heat source is formed, with a primary side burner, it mixes with 
fuel gas, a steam from an exhaust heat boiler can be burned, relative concentration of oxygen 
gas can be adjusted, and burning conditions can be controlled. Since a steam cools a flame under 
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**. The secondary side burner 12 burns on the conditions that the turbine inlet temperature of 
combustion (TIT) to the secondary side gas turbine 13 serves as near 1100 **. However, it is 
difficult to detect the temperature over 1000 ** with sufficient accuracy. Then, the 
thermometric element 15 detects the temperature of the exhaust gas of secondary side gas 
turbine 13 exit to which temperature falls. The detected temperature is inputted into the control 
device 20. The control device 20 by controlling the steam valve 23 which adjusts the water 
vapor content injected to the 1st fuel valve 21 that adjusts the fuel supply to the primary side 
burner 10, the 2nd fuel valve 22 that adjusts the fuel supply to the secondary side burner 12, and 
the primary-side burner 10, The turbine inlet temperature of combustion to each gas turbine is 
controlled. The control device 20 also controls the water supply pump 5 and the warm water 
pump 14. According to this embodiment, while introducing the steam-cooling art of a burner into 
wings cooling and the coating technique pan of the newest hot gas turbine, the control method 
of the efficient gas turbine cogeneration system of a new concept of having aimed at recycling 
of water resources is used. 

r0019] Drawing 2 shows the basic concept in the case of applying this embodiment to the system 
of a 2000-kW class, and main operating conditions. The keywords of a concept are two-step 
combustion, whole-quantity steam injection, and the latent heat recovery from exhaust gas. The 
steam of the whole quantity generated with the exhaust heat boiler 4 is injected to the 1st step 
gas turbine equipment 1, and is further burned two steps in process of expansion. When the rate 
of fuel supply to the secondary side burner 12 is 0%, secondary side gaspar turbine outlet 
temperature is same about 540 ** as a conventional type. If the rate of fuel supply to the 
secondary side burner 12 is increased and it raises to 29% as shown in drawing 2 , the outlet 
temperature of the exhaust gas from the secondary side burner 12 will be 1 100 **, and the 
outlet temperature of the exhaust gas from the secondary side gas turbine 13 will go up to 720 
**. By this, the steamy yield from the exhaust heat boiler 4 increases. Simultaneously, since 
1200 ** of exhaust gas outlet temperature from the primary side burner 10 is controlled 
uniformly, if the amount of steam injections increases, it will function as an increase effect in an 
air flow rate, and their fuel supply to the primary side burner 10 will increase. Therefore, the 
generation output from the dynamo 3 is substantially changeable in high generation efficiency by 
controlling a fuel flow to the secondary side burner 12 by the 2nd fuel valve 22, and raising the 
outlet temperature of the secondary side gas turbine 13 in this system. 
[0020]The section composition of the gas turbine body 30 which can be used for this 
embodiment is shown in drawing 3 . The left end of drawing 3 is the output pad 31 to the 
reduction gears for dynamos, and a right end is the exhaust frame 32. It is constituted from the 
left in a figure by the air compressor 9, the primary side burner 10 and the high tension system 
containing a primary side gas turbine, and the low voltage system of the secondary side burner 
12 and the secondary side gas turbine 13. A high tension system is 45,000 rpm, a low voltage 
system is 30,000 rpm in different number of rotations, and in order to consider it as 1 axis 
structure, the reduction gears for synchronizing each turbine are formed. 

[0021 ]It is in charge of determining the specification of a gas turbine, and it necessary to decide 
the conditions which are stabilized as for the fuel fed into the secondary side burner 12 in the 
exhaust gas of the hypoxic condition under steamy mixture, and burn. Then, the emission 
temperature of the exit of the primary side burner 10 of a high tension system and the 
secondary side combustion exit of a low voltage system was decided, process calculation was 
performed, and the temperature in two-stage combustion and an oxygen density were examined. 
In examination, steam cooling was applied to both burners so that high generation efficiency 
might be acquired. The designed value of the maker was adopted about the efficiency of the 
amount of air quenching of condition wings, the pressure loss of each component, the 
compressor, the turbine, and the dynamo. 

[0022] Drawing 4 shows the heat-balance system used for process examination by this 
embodiment. In a figure, as for AC, the air compressor 9, HPC, and LPC correspond, respectively 
to a high voltage burner, i.e., a primary side burner, and the reheater 12, i.e., a downstream 
burner. The fluid numbers f5 and f9 in a figure are cooling air, high pressure turbine GT1 1, i.e., a 
primary side gas turbine, and low pressure turbine PT13, i.e., a secondary side gas turbine, and 
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adds a steam. In the first step, a NOx generated amount will be about 1 ppm for the lean 
premixed combustion which added the steam. It is shown by the second step that, as for NOx 
concentration, the exhaust gas used as an oxidizer is controlled by about 3 ppm for hypoxia 
concentration and flood steam concentration. 
[0028]The feature of this system is shown below. 

- If generation efficiency is not less than 40% and 7,000-kW class even 1 ,000— kW class, not less 
than 44% is obtained. 

- It becomes two-stage combustion above middle load, and not less than 35% of the generation 
efficiency in that case is obtained. 

- The generation efficiency in the 30% load of rating is the almost same 30% as the design-point 
efficiency of a conventional type. 

- The NOx value of the turbine exit by calculation is 10 ppm or less, and becomes unnecessary 
[ a denitration plant ]. 

- The same generation output is obtained with the air of the abbreviation 1/4 of a conventional 
type with which the output per exhaust gas size-comes, and goes. 

- Since a lot of steams are included in exhaust gas, a boiler and a heat recovery facility can be 
made compact. 

- With the latent-heat-recovery machine 6, about 55% of injection fuel is recoverable as about 
75 ** warm water in the rated point of load. 

- In types of industry, such as a hotel, a hospital, etc. which can use warm water effectively, 95% 
of total thermal efficiency is expectable. 

- The condensates equivalent to boiler feedwater can be collected from the exhaust gas 
containing a steam, and precious water resources can be recycled. 

[0029] Drawing 9 shows the generation efficiency of the 2000kW class gas turbine which applies 
this embodiment, and the part load performance of a warm temperature recovery amount. In hot 
less than 1000 kW in a figure, it becomes two-stage combustion. In two-stage combustion, 
generation efficiency is not less than 35%, and if the collected warm water can be used for hot 
water supply or heating to 40 **, the total thermal efficiency over injection fuel (low-calorific- 
power standard) will also be not less than 90%. In hot less than 1500 kW, generation efficiency 
will be 40% and total thermal efficiency will be not less than 95%. 

[0030] Drawing 10 shows the relation between the inlet temperature of the primary side gas 
turbine 1 1 to a 2000-kW generation output, the inlet temperature to the secondary side gas 
turbine 13 and outlet temperature, and the amount of steaming. As shown in a figure, 
correlativity is between the outlet temperature from the primary side gas turbine 11, and a 
generation output. In order to lower an output to 1000 kW or less, the temperature of the exit of 
the primary side burner 10 is lowered. A generation output will be set to about 330 kW if the 
temperature of primary side burner 1 1 exit will be around about 1,000 **. This point serves as 
the almost same value as the capacity of the air compressor of a conventional-type gas turbine, 
or the design point of combustion temperature. This is the greatest feature of the gas turbine 
cogeneration device of this embodiment That is, a big generation output can be attained at high 
efficiency from a small amount of air. If load falls, the yield of a steam falls, and since the steam 
partial pressure in exhaust gas falls, the dew point will fall. Therefore, the temperature of callable 
warm water falls gradually with the fall of an output from 75 ** of a design point, and it becomes 
about 65 ** by load 20%. 

[0031]On condition that the next table 1 fulfills the conditions of the above-mentioned [ gas 
turbine inlet temperature ] by this embodiment, the generation output from the dynamo 9, the 
fuel supply to the primary side burner 10 and the secondary side burner 12, and a relation with 
the exhaust gas outlet temperature from the secondary side gas turbine 13 are shown. The 
control device 20 controls the 1st fuel valve 21 and the 2nd fuel valve 22 based on the outlet 
temperature which the thermometric element 15 detects. 
[0032] 
[Table 1] 
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12, it will rise by performing steam injection and will be 44.0% in the time of whole-quantity 
injection. On the other hand, a steamy yield is 1.8 kg/h per 1 kW of generation outputs at the 
time of one-step combustion, if based on this, it will increase according to the increase in an 
output, and the amount of the process steam used will reach by 2.3 times the standard at the 
time of two-stage combustion. 

[0038]In evaluation by the same total thermal efficiency as the former to this embodiment, 93.4% 
and a high value are obtained also in one-step combustion by installing the latent-heat-recovery 
machine 6 with an emission temperature of 30 ** as a heat exchanger. This value reaches to the 
highest 95.8% in two-stage combustion. At the time of steam injection, it becomes fixed at about 
95.6%. If the fuel-supply ratio to a steam generating boiler is not less than 10% in the case of the 
consumer who needs process steam, it will have become clear that the method of this 
embodiment is more advantageous rather than the combination method of ACC and a boiler. 
Next, the COP characteristic of the all directions type in air conditioning and heating is 
summarized in the next table 1, and is shown. It turns out that the method of this embodiment 
has high thermal efficiency in air conditioning and heating rather than the gas turbine 
cogeneration device and gas-engine cogeneration method of a conventional system. In particular, 
in whole-quantity steam injection, it turns out that it has the high COP characteristic to air 
conditioning by installation of the latent-heat-recovery machine 6. With the latent-heat- 
recovery machine 6, when exhaust gas is cooled to 30 **, the water of condensation more than 
the water supply amounts supplied to the exhaust heat boiler 5 is also obtained. Therefore, the 
cogeneration system of this embodiment can be said to be excelling also in the field of recycling 
of water resources as well as a fuel utilization ratio side. 

[0039]The exergy efficiency of the gas turbine cogeneration system of the present minor class is 
about 42%, and is in a low situation compared with about 45% of gas-engine cogeneration 
systems. However, a gas turbine has few yields of NOx compared with a gas engine, and to an 
output, since equipment is compact, there is the strong point which becomes easy [ management 
maintenance ]. Therefore, as mentioned above, the highest effective output of electric power and 
a steam is 53%, and the effect from an energy-saving side that the gas turbine cogeneration 
device of this invention to which heat and an electric generation ratio can be changed a lot is big 
is expected. 
[0040] 

[Effect of the Invention]According to this invention, the exhaust heat boiler which generates a 
steam by making the exhaust gas from the ******** gas turbine of the gas turbine of two-stage 
combustion into a heat source is formed as mentioned above, With a primary side burner, it 
mixes with fuel gas and the steam from an exhaust heat boiler is burned, and generation 
efficiency can be raised even if it is a partial load condition. Since the latent heat of the steam 
contained in the exhaust gas from an exhaust heat boiler is collected by a heat exchanger, it is 
efficient and can use heat energy. And since a gas turbine is used, the yield of NOx can be 
lessened. 

[0041]According to this invention, while a steam is uniformly injected by the primary side burner 
the object for premixing, and for flame cooling and preventing a flame failure, the temperature of 
combustion in an exit is easily maintainable at about 1200 **. 

[0042]According to this invention, it can stop by 720 **, detecting the emission temperature in a 
secondary side gas turbine exit, and stable control can be performed so that the temperature of 
combustion in a primary side combustor outlet may be maintained by about 1200 **. 
[0043]According to this invention, since the warm water for heating is generated with the heat 
collected by a heat exchanger, the heat energy which exhaust gas has as low-temperature warm 
water comparatively is efficiently recoverable. 
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23 Steam valve 

30 Gas turbine body 

40 Combustion experimental device 
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ircmxA ~&m # x * - tr > m p f<o}##x z 

tllMffiOWlft^xfiS^i 2 0 0iG*I«i:*6 
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nZix&Xnlz^ S^iW^fio ^t^T-^^o 
[0 0 14] *fc*ffelBOlttEJfc2S[«i»-C(i, «tt£at= 

[0 0 15] M*'-f7Ji>f>^##^ 
[0 0 16] 

• n - v ^ 7- U- •> 3 >iSfM, —SiP.ll *"X ? - tf > 

1 jo x if-®mifx 9 - 1* >mw. 2 t> -&<Dmz- 
2mmif*9-\£y$iw.*m®.L. ^Mmammm 

**^f 5 4 OSt^ot, •/ 5 it 

«Ha«S6«ra&o »J»EIJR«6J±^ ±tLTP#x* 

*7 hS-Mtt^c S^*x»i. m&mqmexftivz 
ttscm-tiz. £&x£z>m®£ lx. -wmif*9-\£ 

1 Ul±f|5rfj*-X 8 «rft»i-4„ H57tT**X 8 
$ Hi: 4 tz tb <D 3&$C l± . <E 

4 9 U J: -a Tffitt LTft»t * « 

[001 7 ] -am 9 - bf >^tt 1 l±, 
HI 0 j3 «t LK— Sffl **X ^ - If > 1 1 CtotiSJil 

JO XU'-^mif^9- \£> 1 3 i:iot«lR?n.*. — « 

*Lfc^*t **«i»$*L, fPrtf^x 8 -f)mm.-tz> ££i> 

W^*W9 4T'|&4$jt^7k^i'«l=fSjt4o i 
1 2 Uli, -S« * - kf > 1 1 ;&> 

B^f? 12Ci, »Tfj 8 Srflfejfr Lt*ttt 4 «1 i: * s 
^TggT*^^ 0 reiiMSi 2«*'^li, -^ffl*- 

7.9 -m> \ zzmmm-ttx* m#k®w.&6izj&fcz 
mffe-tztzibiz^ r&fctfy -r\ 4&mibtix^z> 0 
40 [0018] —&zmB&&i oii, mns«> -t^t> 

*>. —WLmif^9-\£y\ 1 ^<D9- kf >AP*f=^**x 
SIS (T IT) ri*l 2 0 OWiti^J: "9 ^r^fr-C^ 

«*1t t o -&mmm& 1 2 <t, -«« **x ? - tf > 1 
3^<r>9 -vyAnm&ifz&m (tit) * f i 100 

1 0 0 ot^sx^ias^tsi <«aii-*i t«±H« 
*:t?, iSKtf f f&T-f £-j£liJ#*x?-kf> 1 

50 m®giW2 0(i, -a«i*8io^«»*ei*« 
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i 2 1 , 1 2 

2 2 2 J3 J: I>* 1 1 0 U 

lSW1--&*^MS*:SHM-t-5)*^#2 ZZfgm-tkZ. 

ia££*«1-4>o l|HJ?miE2 Oii, -/5*J J: 

x ? - tf > <o»i£ip^ a-f^ $ e> 
«5#<oa&UfrSU«lf £*A1"4 tHC> 'J -9- 

v>4> 0 

[0019] H2I±, ^--MMftm* 2000k W?77 

Ig&ftt fcjjrfo 3>-b-7*h<7)^-7- Kli, 2^ 

#4 v 4 f|§4Ltti<7)l^^» l |g;g jtrx 9 - fcf> 
1 S<bW»SOiag-e 2 

fi2 c^-fj: 9 -&mmi&&i 2-^<om&& 
mmzw lt 2 9 % {c±(f * t , z^««s«» 12*?. 
os^x^tBaiaftti 1 1 oott^i), ~wmif^f 

•to m^u-Kfli^si o*<bo«Mr.xttiPjaKi±i 
2 0 ot:— jtu«»s*L4fc*, ^ntHl^in-i-* 

t^BESlfM^i: LtiffiL> -gllftSl 0^ 

1 2^0j^»*&»2*£##2 2 lliot 
MflU -gfij^^-tr > 1 3 0ffiPiHJR*±»f4Ci 

[0020] la3^-**iS3g®^cffl^4i^:*n^rs64^«• 
w.mmmmm^<vm>t)s*y K3 i-e*>ij, tSa^iNa;? 

t, -a««s«»i 2*ij;?>'-giBi**x^-tr> 1 3«o 

ftffi*-C*JSS*L*„ jSS.mitztx.iS 4 5, 0 0 0 r 
pm, iE|l±tiitf3 0, 0 0 0 r p m<7>*&£[al 
KSfcr^^^ — -If >*|B|Jt8$* 
4fc*>O*iStt*IS:»t4 0 

[0021] *r**-evotttt**5rr.&K*jfctK 
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i> #«Js»*oE*«5fe» satis, %*ts 

[0 0 2 2] 04 (±, ^JS^T-Vn-tX^fttCffl^ 
*S«9, HPC*J:irLPCIi*ffi8«»-r4t»*>-a 

fcw&s-*- a *>^> 1 2(--e-tt-rn 

>-GTtifet,-gffl*-x?-lf> lit, m±.9-\£ 
>PT-r%t>t,-8M#X9-\£> 1 3©^^* 
<0, ««ffiftUJ£.£»nfc***«fl§1-*o ifcSHl 
G/S, SH2G/S, SH3G/SI1, XJNtfWBA; 

it'^tr^^-y^fMi, IWcTiSECO, £ 

4 *Ui7tS|s »JfcHJR»S:|ft»CHXt?*aiSK 
h» 1 4 D£UJR£*l.5,o 
[0 0 2 3] f 2 2 OifiS i: 

1 2 ICJSA § il5*fiN 3 W*5t««H4*3fe3& 

4t, -a««S«» 1 2-rofflK{i±ji»*(titif<), Bl 
SSftSarF***. l OOiB 

Tff 4 t , l 2 rtO«*««li±**4 (tit 

if , jSK^T^o TLJ% S fcZgffl»j!HI 1 2 #> 

1 2rt<OK#iftJS^±i|SCT^l9, s^-tastta** 

[0024] m 5 1±. ttMsnaaeit 4 0 «>f»6tt&fltj& 

iVf4 2 CJ:«IjK{|4 3 OrtSJg^<0?|lj5t, 
*J ^^^114 3 frh<r>&Uif*m.f&frh 2gg<Oil 

aSt*ML, **^4 5*( ) MtLt«^}'>^ 
StSI5S4 6 4:^LrMt4 0 > ^ >co-gr>li x fr 

4. 3*<b<0^*'XI±, »«nfit4 7trJ;oT 

■9-V/'J >^Stt'4 0 *«*t4 2 IZ ±oT^til^^t4S 
SIJ«1^«4 8 (cATJ^it^o 
[0 0 2 5] H6I±, I5(0lilfll4 0 ^fflv^T 

4„ i^H^^^^lb, HI 1 yi^l/— / 3 > • 

-> x t- a sr $ * 4. tz *> <r> mm % * » 4 - 1 

*tJ 8 0 0"CM± ( 1 0 7 3° KJtLL) OStti'O 
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^ < jifi-Ctt, AO^A L 4' i»«i*T-ii$ET- * 4 i t 
*IJo/co *>iAC, 13 1 ICglt* 2 0 0 OkW^ffi* 

ft 6. 9 «ASiifc:«*M±, ^clt^cLiS; 

[0 0 2 6] H 7 14, 1 7K^^^tP t £4? ■? Me 70 

fl>0*ft4C («S»t^K»OMJfCtt*&l : 6) *T 

u**r l> » •) t 
g imif* t -mmM&& 1 2 fljoa&H- t owisiaEteiR 
i#t££t£iti- raMH*Ri£««G ri-mcc 

[0 0 2 71 H8i4, 7K^4-?^p-t-?)Z:©it«t?c7)S: 
tt»#fO«**^-ro -ft Hi? 14, **5K**ilQLfc# 
m^fe&tel&eytztb. NOx4tllilppmg«ti 

?**3R$C*KWfc*!>U, NOxSSli3 ppmflftlctfp 

[0 0 2 81 *->^-rAO#Sfc«rWTtC/K-t- 0 

• 1, 0 0 0 kWat*t^l«l$li4 0%£l±, 7, 0 
0 0 kWffl.%b4 4%m±#f#t>ttSo 

- 4" M Jl ffi&±T-&BM <7>m'&<?>ftm%)& 30 
(4 3 5 %M±.j!>mbti2>o 

■ ttm~xi> ^-tr>aip<oNo x « i± 1 0 P pm jj.T 

• mxxmti n <r>&f)tf-k l^<, ?M*M<oft 1/40 

5 5 %£ft 7 5 "CiaTKt LTI|J|Xt*# &o 
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9 5 %75 f f#f^„ 

[0 0 2 9] 0 914, **tfe»B*affli-4 2 0 0 0 k 
WIS #7, ? - \£><D^WMm. iaj»BiRl:<0*|5*ftW4¥ 
14£7p-t- 0 IH^W 1 0 0 0 k WWiitCiJ^T, 
t£4o -R*S*-CU\ §§«$|i?i(4 3 5 %m±-C*«3. 

mill l fcawc * 4 0 "c t r-mm^mm i-mm-r- # tu4\ 

UJti"**^*** 9 0% 
tt±t44, * fc 1 5 0 0 k WWlfli , Hm^I^I4 4 
0 % t £ *) , ^»5cj)^l4 9 5%tt±iiio 
[0030] H 1 0 14, 2000k WOf&^{iJ2l iZtft 
4 -an j tffX 9 - Vf > 1 1 O APi&K, -Si #X 9 - 
My 1 3-^<7)XPiaKi3 4U f iiiP£lSt, *f^i&*Dft 

> 1 1 /4^pOaiPia*i:fS«m*t^>l9J^(4ffiMtt^ 
4 0 1 0 0 0 kWWTUffi^74:T»f-&»-t4, — 

hi owmnoiais*T»f*o 1 laipo 

S«7) s , ftl, 0 0 0tJl»^Uir4t|fe«W*l±ft3 3 
2>o *<r>tztb^ @llXnTH^^?a*c7)?aS(4f5:ft*'7) 7 5 "C 

[0 0 3 1 ] i (4, ^mnfm-Z'jf* 9 - e > a 

9 <b oi§sai * t , -sffl«s*» 1 0 45 4 yf-sui^ 
1 2 ^nmmnn&m t , rgg #x 9 - e > 1 3 * 

?sjgf&a}§£i 5 75^an-4aiPiasi-*o*(,»T, 

*4# 2 1 4J 4 If* 2 »4# 2 2 ZMfflir&o 
[0 0 3 2 ] 
[»ll 
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2 0 12 
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[0 0 3 3] $IiIS(7)«t^;, — ftJBMftifi^U 
ti\ ^E«*R9<50iitttSJE^«:, ££*<7>tf * * - fcf >§J 

»aft*<^M«^t>, fflSiiS 0 OCBLTUjqi it 

fit, ^«Eli«9 0P±/±lBE^* 2. IMP 
a, 7n-fc;*»^igE#£2. 5MPa,^fiSil8 

tk%<nm$\frh, 9-\£ >APiR*5Er^a« (TIT) 

[0 0 3 4] Httfc, ^«Sgg^ttffifF«i±. x>^;nf 

(thermal co-efficient of performance) iWBv^ibJt 
tv^o L*L4***>, COPfi. Ig^^^fo 

e = (h-ho) -To (S- 
[0 0 3 6] i^oli, «*T*Otfeffi*«i- 0 

[0 0 3 7] B 1 1 ii> -««*03KjK»*J|t 1 0 t 

-to A>*mmt, 0 ob#co 

50. 8%^*>, ffi^J^l 2 0Ot§lCSS5O5 3. 1 
46. 6%fci*o 3fe*a¥«i, -R«S«^0 3 3. 1 

T. 2 8. 5%i-efg:T-t^ttttf aKjWMtSrfi 1 -? 
-i^±#U MM«Ft1i4 4. 0%<h&£ o - 50 



so m 



[0 0 3 5] ^-b;i^<i. 



So) ... (1) 

[0038] ***jBjKuwi-*a*tn«4jg^aL«i 

v>T*>9 3. 4%4:*v^* < »€>ttTv**o -OttliZl 
Slit:i3^TfiS(7)9 5. 8%^iti-^>o ^PftW»# 
tC^v^Tfi, (il?9 5. 6%T— gti^ 0 7"n4rX^ 

tt*&Jfc^7& ? 1 0 %Ja±T-abtt(^\ ACCt^fOt Oft 

****** f)t, **l*?K»o*S:<o****fij-c*4 

-V 3 >gf^^X>y> . 3-yi^l/-y 3 >J 
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tffftfr&o itzm&MW.&6X\ ffiif^i 3 0"C*T- 
*»Lfc»*tt, 7 5 Uft4H"£lfr*ft£L±0 

««* t f» *l* o L fcd«o t*WI<0 3 - v * * 

[0 0 3 9] a^^^'J^v^O^'^^-tf^ • =f-v 
jt^lx— -> g > • >^.T-AcOJi^-fe;P^'?jl)$l±, |!)4 2 
%-c& 19 , > v > • 3 - v? j. ^. l^- -> a > • -> x io 

1f*9-\£>{U *"Xx/y>|;Jt<NOx«fi 

±&Lfc J: -9 U^7J klftt <7)ftig5*aait)^5 3 %r* 
7i f -ei £ <7)#*x ? - fcf> • 3 — v*i^U--> 3 > 
[0 0 4 Oj 

<7) #7. ? - t* > <7)^ Z. SfflJ ? - e* > h COffi **x 

-tr^Srfijffl-rscor*, no x offers <i-£.r 
[0041] itzttmzxtia* -m«^§c*i io 

[0042] i^^ciiiii -&mifx9-v> 
[0 0 4 3] m%.&$fT*mi-tz> 

tLti if 7, com-f h t& * a * ■£ ^b<j (CIU JRi" * - 

[disofSf*^^] 

[0 1 ] *»W«)Sli]tO-«goJ6*ft4iift*/7tr 
n y ^iaT'^)-i.o 



#532 0 0 1 - 1 4 0 6 5 7 
72 

[02] ll^MI^2 0 0 0 kW?7X(0-/Xf 
£ TK-f 7'n -fc x 7 n - m Z> „ 

[13] in i <r>m.mtmiz j ®. m wat* 9 - 

3 0<7>«B&tf)&«J&£^-m®@T-&.2>o 
[0 4] 01 W*Jt3B)K-e-/n-t^tWtUfliv»*fc- h 

[05] 01 <r>mmrM<r>-&m&^^r<vmm$k%i 

[0 6] 1 5 <Oll*tgi4 0 tffl^TWiii: J: o 

[07] 01 <nnmmv-&mmtfrm%.mut =ht 

llffiyXf A<O*r';WS:^i-0-eab'i>o 
[08] il<7)ttBii:ov>t, TK^S-iSiDi-^n 

[19] 01 <F>$mWM*: 2 0 0 0 k W$i#"x ? - tf > 
[010] 01 <r>mfcMBi: 2 0 0 0 k Wi&tf'X ? - kf 

> t-*ffl -r * i: * o««ffi 73 K*t-t ^ -sin 7j\x ? - tr 

> 1 1 (OADiUS, * - tf >- 1 3^<75XPia 
SiS J; LKflb PimR t , 7K3R jR^iP* tom&ifF-ty? 

[0 11] -S«*ttO|»tmfe^** 

1 — Wimir^9-\£ >mm. 

3 &W8L 
4 

6 jg&EJR# 
9 

1 0 

1 1 — if 7s 9 - tf > 

1 2 -^ffiy-B^Et? 

1 3 ~&Mif7,9-\£> 
1 5 Se^ffiS 

2 0 njep^e 

2 1 » 1 -BM^ 
2 2 « 2 

2 3 

3 0 **X^-kf>^:#: 

4 0 «£0HU*£(E 
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(51) Int.CI. 7 »giJIE-t FI t-73-K(##) 
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